ABSTRACT A Þeld survey was conducted in the summer of 2003 and 2004 to evaluate resistance to deltamethrin on house ßies, Musca domestica, from 17 urban garbage dumps in the cities of Beijing, Tianjin, and Zhangjiakou. Bioassays were carried out by topical application with technical deltamethrin to measure the levels of resistance to deltamethrin. Tests for synergism with piperonyl butoxide (PBO) were used to study the occurrence of metabolic resistance mechanisms. Competitive polymerase chain reaction (PCR) ampliÞcation of speciÞc allele (cPASA) assay was used on individual house ßies from these Þeld populations to detect the presence of the kdr and super-kdr alleles associated with pyrethroid resistance. Another PCR followed by labeled allele-speciÞc oligonucleotide hybridization (PCR-ASO) conÞrmed the presence of the mutation and hence checked the accuracy of cPASA. Deviation of genotype ratios from Hardy-Weinberg equilibrium was tested. Relative to a susceptible laboratory strain, Þeld house ßies from all populations exhibited a 13-to 250-fold greater resistance to deltamethrin in all the populations of house ßies at the LD 50 and the PBO synergism coefÞcient was 26-to 124-fold greater in 11 populations collected from Beijing. The super-kdr allele was not found in any of the populations. Results of PCR assays showed that the kdr allele was present at various frequencies in the Þeld populations. ASO-PCR showed that the cPASA method had given only 1 of 33 of false positives. Deviation of frequencies of kdr alleles genotypes from the Hardy-Weinberg ratios was found in the BJF-1, BJF-2, BJF-3, BJHD, and BJXC populations. Regression analysis indicated a signiÞcant correlation between kdr allele frequencies and the levels of resistance to knockdown resistance by deltamethrin. The results validate the role of the PCR-based molecular assay as a diagnostic tool in monitoring resistance to pyrethroids and also to provide useful information on population genetics of house ßy resistance to pyrethroids.
THE HOUSE FLY, Musca domestica, is the probable mechanical vector of Ͼ65 human and animal intestinal diseases (Greenberg 1965) , and control of house ßies with deltamethrin space spraying has been shown to signiÞcantly reduce incidence of diarrheal diseases in Pakistan (Chavasse et al. 1999) and Gambia (Emerson et al. 1999) . Recently, enterohemorrhagic Escherichia coli O157:H7 was isolated from house ßies in Japan (Iwasa et al. 1999) . Four kinds of pest control programs promoted by the central and local ofÞces of National Patriotic Health Movement (NPHM) are carried out in many cities in China.
Aerosols or space sprays with pyrethrum synergized with piperonyl butoxide or organophosphorous (OP) formulated with pyrethroid are commonly used for house ßy control indoors and outdoors around dwelling houses, as well as dustbins or garbage dumps, but these give only temporary control. It was found that extensive use of pyrethroid insecticides for house ßy control has led to widespread pyrethroid resistance (Sun and Fan 1993 , Huo and Wang 1997 , Lin et al. 1999 , Liu and Dong 2001 , and this has become a global problem (Keiding 1999) .
Knockdown resistance (kdr) was Þrst identiÞed in M. domestica Ϸ60 yr ago (Milani 1954) . A stronger form of kdr known as super-kdr was identiÞed by Sawicki (1978) . Unlike resistance caused by enhanced metabolic detoxiÞcation, knockdown resistance is unaffected by synergists that inhibit insect esterases and mono-oxygenases. Knockdown resistance is caused by a reduction in the sensitivity of the insect nervous system to pyrethroids. It has been proved that knockdown resistance is associated with several point mutations in voltage-sensitive sodium channel genes. Through comparison of partial and complete sequences from 15 susceptible, kdr, and super-kdr house ßy strains, two point mutations (L1014 F and M918T) have been shown to be associated with knockdown resistance (Ingles et al. 1996 , Miyazaki et al. 1996 , Williamson et al. 1996 . Mutation of leucine to phenylalanine at amino acid residue 1014 (designated L1014 F) occurs in all kdr and super-kdr strains, whereas mutation of methionine to threonine at res-idue 918 (designated M918T) appears only in superkdr strains (Ingles et al. 1996 , Miyazaki et al. 1996 , Williamson et al. 1996 . Up to now, the L1014 F mutation have also been reported in seven other pest species: Blattella germanica (Miyazaki et al. 1996 , Dong 1997 , Hematobia irritans (Guerrero et al. 1997) , Anopheles gambiae , Plutella xylostella (Schuler et al. 1998) , Leptinotarsa decemlineata (Lee et al. 1999) , Myzus persicae (Martinez-Torres et al. 1999a) , and Culex pipiens (Martinez-Torres et al. 1999b ). However, more direct evidence that the kdr mutation is responsible for knockdown resistance has been reported recently. Heterologous expression of kdr ␣ subunits with the L to F change in the IIS6 region reduced channel sensitivity to pyrethroid insecticides compared with the channels in wildtype insects (Smith et al. 1997 , Vais et al. 1997 , Schuler et al. 1998 , Tan et al. 2002 .
Because of continual increase of knockdown resistance, the monitoring of knockdown resistance level in urban house ßy populations has become a crucial problem, which provides useful information for choosing different kinds of insecticides and determining the dosage applied in pest management. Traditionally, the resistance level is evaluated by bioassay method, which is important in measuring the levels of resistance and cross-resistance in pest populations. However, bioassay data give no information on the genotypic composition or the frequency of resistance genes in a population. Recently, as more understanding of the molecular mechanism of insecticides resistance has been acquired, molecular monitoring of resistance level has become feasible. To validate identiÞcation of the point mutations responsible for insecticide resistance, single-strand conformation polymorphism (SSCP), mini-sequencing, polymerase chain reaction (PCR) ampliÞcation of speciÞc allele (PASA), and multiplex PCRs have been carried out , Zhu et al. 2000 , Valles et al. 2003 . The primary objective of this study was to monitor the current knockdown resistance of the house ßy in some areas in Northern China, to test for house ßy susceptibility to deltamethrin and identify whether the L1014 F or M918T nucleotide substitutions are present, and to investigate the distribution of kdr-allele frequencies in urban populations. PASA was developed to identify kdr genotypes in wild populations and to investigate if there was a correlation between the kdr allelic frequency and the level of target site resistance to deltamethrin. It has been reported that, with the PASA technique, there is a high rate of false positivity, so a PCR-allele speciÞc oligonucleotide probe (PCR-ASO) was further applied to validate the PASA results. This was done by PCR followed by sequence-speciÞc oligonuleotide probing for detection of the kdr gene. Finally the deviation of kdr allelic frequency from the Hardy-Weinberg ratio was tested in all the populations of house ßies.
Materials and Methods
Insect Strains. Field house ßies were collected by using sweep nets around the dustbins and garbage dumps in the summers of 2003 and 2004. The populations, named TJNK, TJTG, TJDL, TJXQ, and TJJN, were collected randomly from different districts in Tianjin city. BJZZ, BJDD, BJF-1, BJF-2, BJF-3, BJHD, BJXC, BJXWJ, BJLLT, BJWLJ, and BJBSS populations were collected from Beijing city, and the ZJK population was collected from Zhangjiakou city ( Table 1 ). All Þeld populations were routinely reared as described by Scott et al. (2000) . The adult ßies for genomic DNA extraction were frozen using liquid nitrogen and stored in 95% ethanol at Ϫ20ЊC.
Bioassay. Technical grade deltamethrin (95%, Roussel-Uclaf, Paris, France) insecticide was tested, and bioassays were carried out by topical application of a 1-l drop of insecticide in acetone solution to the thoracic notum of 3-to 5-d-old female ßies. Each of the three replicates consisted of 15Ð25 ßies/dose and at least three to Þve doses, giving Ͼ0 and Ͻ100% kill. For tests of synergism, piperonyl butoxide (PBO) was applied at a dose of 10 g/ßy in a 0.5-l acetone solution to the thoracic notum 1 h before dosing with deltamethrin.
Flies were bioassayed beginning with the Þrst or second generation of adults produced by the Þeld-collected ßies. One susceptible (Lab) house ßy strain that has not been in contact with insecticides for around 20 yr and has been reared routinely in the laboratory served as the reference for molecular diagnostic tests. All tests were carried out at 26 Ϯ 1ЊC and were replicated three times. Mortality was assessed after 24 h holding at 26 Ϯ 1ЊC, and ßies were fed 0.1% glucose water tampons. Bioassay data were pooled and analyzed with log dose-probit mortality software (Finney 1971 , Raymond et al. 1993 . Resistance ratios were calculated by dividing the LD 50 values for different Þeld populations by the LD 50 of the susceptible Lab strain.
Genomic DNA Isolation. Genomic DNA was isolated from 39 to 50 individual adult house ßies per sample of 17 Þeld populations and 1 Lab strain with the method of Williamson et al. (1993) . The whole individual house ßy was homogenized in 300 l extraction buffer (0.1 M Tris-HCl, pH 8.8, 0.1 M ethylenediamine tetra-acetic acid, 1% sodium dodecyl sulphate). The homogenate was incubated at 56ЊC overnight after adding 50 g protease K. Then, 70 ml of 5 M potassium acetate was added, incubated on ice for 2 h, and centrifuged at 12,000 rpm for 20 min. The supernatant was extracted with phenol, and DNA was precipitated with ethanol. House ßies yielded 10 Ð15 g DNA.
Assay for kdr and Super-kdr Genotype. For the determination of kdr genotype, the method of competitive PASA (cPASA) was adapted from the work of Jamroz et al. (1998) , Martinez-Torres et al. (1999b) , and Zhang et al. (1999) , with some modiÞcation. A test using two PCR reactions for each individual was developed to diagnose the kdr allele. The two reactions were exactly the same except that one contained a 
Slope ( sense-speciÞc primer ending with the base C, the susceptible codon (CTT), and the other contained a sense-speciÞc primer ending with the base T, the kdr codon (TTT). Thus, two allele-speciÞc inner primers were designed: sensitive sense primer A1, 5Ј-CCACG-GTCGTGATCGGCAATC-3Ј and resistant sense primer A2, 5Ј-CCACGGTCGTGATCGGCAATT-3Ј. Two additional allele-nonspeciÞc outer primers were based on the sequence immediately downstream from the mutation site and one sense primer far upstream. The sequence of two allele-nonspeciÞc outer primers are as follows: sense primer (P1), 5Ј-CTGGAATT-TCACCGACTTC-3Ј and anti-sense primer (P2), 5Ј-GCAAAGCTAAGAAAAGATTAAGA-3Ј. A genomic DNA fragment of an individual of the Lab strain was ampliÞed with P1 and P2 primers in a total reaction volume of 30 l consisting of 80 Ð100 ng genomic DNA, 14 mM Tris-HCl, pH 8.3, 70 mM KCl, 4.5 mM MgCl 2 , 0.15 mM each dNTP and 0.67 U TakaRa rTaq. PCR conditions were one cycle of 94ЊC for 2 min and 35 cycles of 94ЊC for 1 min, 60ЊC for 1 min, and 72ЊC for 1 min, followed by one cycle of 72ЊC for 5 min. After sequencing, one intron manifested its position and the size, which was conserved in the domain II region of the sodium channel gene in M. domestica . Competitive PASA was performed in accordance with the standard procedure with a total reaction volume of 30 l consisting of 80 Ð100 ng genomic DNA, 14 mM Tris-HCl, pH 8.3, 70 mM KCl, 4.5 mM MgCl 2 , 0.15 mM of each dNTP, and 0.67 U TakaRa rTaq. For each template from individual strains, there were two PASA reactions. One included primers A1, P1, and P2, whereas the other had the primers A2, P1, and P2. The PASA PCR conditions were one cycle of 96ЊC for 2 min and 35 cycles of 94ЊC for 50 s, 60ЊC for 1 min, and 68ЊC for 50 s, followed by one cycle of 68 ЊC for 5 min. PASA PCR products were checked by electrophoresis on 1.8% agarose (V3125; Promega, Madison, WI) gel in TAE buffer. The resulting bands were visualized by ethidium bromide staining. For super-kdr genotype assays, the susceptible/resistant upstream primer was FG235 (CTTCGTGTATTCAAATTGGCA), the susceptible downstream diagnostic primer was FG154 (ACCCAT-TGTCCGGCCCA), and the resistant downstream diagnostic primer was FG155 (ACCCATTGTCCGGC-CCG) (Li et al. 2003) . The PCR system and program were according to Li et al. (2003) . The sizes of the diagnostic PCR products for the kdr and super-kdr alleles were 175 and 78 bp, respectively.
PCR-ASO. The PCR-ASO method (Koenraadt et al. 1992 ) was applied to verify the PASA results. Oligonucleotide probes were the same as the allele-speciÞc inner primers for the competitive PASA: one complementary for the standard susceptible allele (A1) and the other for the kdr allele (A2). The PCR-ASO procedures were performed according to the standard protocol.
The 295-bp PCR product ampliÞed by primers P1 and P2 DNA fragment was isolated on gels of lowmelting point agarose. (The genotype of the individual had been identiÞed by PASA.) and was puriÞed and recovered with the Wizard PCR preps DNA puriÞca-tion system (Promega). PuriÞed DNA was dissolved in the Þnal concentration solution containing 0.4 M NaOH and 0.01 M EDTA. After being denatured at 100ЊC for 10 min, the DNA was incubated in ice water for 5 min. The denatured DNA was divided into two parts and was transferred to duplicated Hybond-N ϩ membranes in a dot-blot apparatus according to manufacturerÕs instruction (Minifold 1; Schleicher and Schuell, Keene, NH). After rinsing brießy with 2ϫ sodium chloride sodium hydroxide citrate solution (1.5 M NaCl, 150 mM sodium citrate, pH 7), the membranes were dried in air. Hybridization was carried out according to the manufacturerÕs instruction (DIG Oligonucleotide 3Ј-End Labeling Kit; Roche, Basel, Switzerland). The blots were incubated in preheated appropriate volume of hybridization solution, DIG Easy Hyb (DIG Easy Hyb Granules; Roche), for 30 min at 58ЊC with gentle agitation and probed with 1 pmol of end-labeled allele-speciÞc oligonuleotides A1 or A2 mixed with preheated DIG Easy Hyb at 60ЊC with gentle agitation for 120 min. Membranes were washed two times for 5 min in 2ϫ SSC/0.1% sodium dodecyl sulphate at room temperature (low-stringency washes), and two times for 15 min in 0.5ϫ SSC/0.1% SDS at 58ЊC (high-stringency washes). Probes were detected using anti-DIG-AP Fab fragment conjugated with alkaline phosphatase and CSPD reagent as a substrate for alkaline phosphatase (Roche) following the manufacturerÕs guidelines. Membranes were exposed to Kodak X-Omat K Film for 5Ð10 min, and Þlms were developed and scored visually.
Statistical Analysis. Probit analysis of dose-mortality data were conducted using POLO-PC to determine the LD 50 for each bioassay and to compare the PBOand nonÐPBO-treated ßies (Russell et al. 1977) . Resistance ratios were caculated by dividing the respective LD 50 by the LD 50 of the susceptible Lab strain. PBO synergism coefÞcients were derived by dividing the LD 50 of the sample treated with deltamethrin alone by the LD 50 of the sample exposed to deltamethrin in the presence of PBO.
To assess whether the kdr allelic frequency of the house ßy populations can affect the pyrethroid resistance level, the relationship between allele frequency and the LD 50 for deltamethrin was analyzed with SAS Software 6.22 (SAS Institute). CoefÞcients of correlation were calculated between the kdr allelic frequency in different populations and the corresponding LD 50 values for deltamethrin. To determine if the correlation was signiÞcant, the null hypothesis (r ϭ 0, i.e., variable uncorrelated) was tested by a t-test with n ϭ 2 df. The level of signiÞcance of each test was adjusted to take into account the other tests by the sequential procedure of Bonferroni (Rice 1989).
Conformity of genotype ratios to Hardy-Weinberg equilibrium was tested by the probability test using Genepop and was also tested assuming that the alternative hypothesis H1 was heterozygote deÞciency or heterozygote excess according to Raymond and Rousset (2003) .
Results

Levels of Resistance.
Results of deltamethrin and deltamethrin ϩ PBO bioassays on Þeld populations of the house ßy are given in Table 1 . House ßies of TJXQ and TJTG populations collected from Tianjin city had low levels of resistance to deltamethrin: 13-to 15-fold resistance was detected based on LD 50 . Beijing and Zhangjiakou house ßy populations had much higher resistance to deltamethrin, ranging from 51-to 250-fold at the LD 50. The shallow slopes of the probit lines for all the populations indicate the heterogeneity of these populations. Using deltamethrin in the presence or absence of PBO resulted in synergism coefÞcients ranging from 26-to 156-fold. Controls containing PBO (10 g/&) without deltamethrin showed no toxic effect on any house ßy populations (data not shown).
Genotypes of House Fly Samples. Introns are known to exist in the domain II region of the sodium channel gene at conserved positions in M. domestica ). One intron is located downstream of the kdr mutation, and knowledge of its sequence length was necessary to discern the size of the allele by PASA. The product PCR-ampliÞed by P1 and P2 from individual genomic DNA was sequenced and deposited in GenBank (accession no. AY309437); its size is 119 bp. After optimization, the conditions of PASA could effectively discern kdr homozygous and heterozygous genotypes for the L1014 F mutations in sodium channel ␣-subunit gene Vssc1. The results of PCR assays are summarized in Table 2 . For the superkdr genotype, based on presence or absence of the 78-bp diagnostic allele with the primers FG235, FG154, and FG155, individual ßies were genotyped as homozygous susceptible (SS), homozygous resistant (RR), or heterozygous (SR). However, no mutant M918T was detected in any of the house ßy samples tested, and super-kdr data were not listed in Table 2. PCR assays revealed clear differences in overall kdr allelic frequency between resistant and susceptible house ßy populations. Relatively low kdr allelic frequencies were detected in house ßies collected from Tianjin (8 Ð20%) and Zhangjiakou (10%), but relatively high kdr allelic frequencies were found in 2004 in the populations from Beijing (25Ð56%). The kdr allele existed exclusively in heterozygous form in the Beijing house ßies populations named BJF-1, BJF-2, BJF-3, BJHD, and BJXC. The detection of no resistance homozygotes among the sample sizes tested indicates highly signiÞcant deviations from HardyWeinberg expectation: BJF-1 (P ϭ 0.0156), BJF-2 (P ϭ 0.0117), BJF-3 (P Ͻ 0.0001), BJHD (P ϭ 0.0032), and BJXC (P Ͻ 0.0001). All other populations were in Hardy-Weinberg equilibrium at the kdr locus. Only in 10 of 17 of the populations were homozygotes for kdr detected and in these cases homozygote frequencies ranged from 2 to 15%. Regression analysis revealed a signiÞcant correlation between kdr allelic frequency and the LD 50 estimates (P Ͻ 0.001; Fig. 2 ). The genotype distribution between male and female ßies was not signiÞcantly different in any of the populations except BJXWJ (for which 2 ϭ 12.43, df ϭ 2, P Ͻ 0.01). Validation of PASA Results with PCR-ASO. To verify the PASA procedural, a PCR-ASO method was used. Thirty-three puriÞed PCR products ampliÞed by primers P1 and P2 from individual genomic DNA were dotted on duplicated Hybond-N ϩ membrane. The DNA products were selected randomly from the samples of eight different strains and the individual ßies had genotypes by the PASA protocol as follows: 12 SS (A1-A12), 12 SR (B1-B12), and 9 RR (C1-C9). When hybridized with the susceptible probe A1, there was a strong signal from the SS individuals but none with the RR individuals ( Fig. 2A) . In contrast, there was no hybridization signal with SS individuals, but RR individuals gave a signal with the resistant probe A2 (Fig. 2B) . As expected, positive hybridization signals were detected for heterozygous individual with both probes A1 and A2. Among the 33 individuals tested, there was only one (Fig. 2B, A11) for which with the results did not correspond with those obtained by PASA.
Discussion
To improve the use of existing insecticides and delay the onset of resistance and treatment failures, it is important to establish by regular surveys the real extent of insecticide resistance, even for species with an extensive resistance history. Regular surveys of resistance to insecticides of interest in relation to house ßy control in China has been carried out for many years by collection of urban house ßies from the breeding sites in various parts of the country and by tests of resistance in the offspring. The insecticidal effect was usually bioassayed in topical application laboratory tests with Þeld strains of M. domestica and with a susceptible reference strain. The results from our bioassays conÞrmed that resistance to deltamethrin existed and the resistance of populations collected from Beijing (53-to 250-fold) were higher than that from Tianjin (13-to 67-fold) and Zhangjiakou (51-fold). The PBO synergism experiments indicated a large synergistic effect, i.e., the addition of PBO to deltamethrin caused a greater ßy mortality than deltamethrin alone (synergism coefÞcients ranged from 26-to 156-fold), which suggested the involvement of mixed function oxidases in causing the high levels of deltamethrin resistance seen in these Þeld populations.
Musca domestica has long been used as a model insect to study knockdown resistance , and based on mutation L1014 F, a simple and reliable cPASA method was used to discern the kdr allele in Þeld house ßies populations. The super-kdr point mutation, M918T, can be detected by the multiplex PCR protocol (Li et al. 2003) , but in our study, no super-kdr mutation was observed in all Þeld populations or the susceptible Lab strain. By PASA, test kdr allelic frequencies in all Þeld populations ranged from 8 to 56%, susceptible homozygote frequencies were 0 Ð 84% (zero in BJF-3), kdr heterozygote frequencies were 16 Ð 88%, but kdr homozygotes were only found in 10 of 17 of the populations at frequencies ranging from 2 to 15%. Thus, kdr allele existed mostly in heterozygous and played an important role in causing resistance to deltamethrin. Comparison with Hardy-Weinberg expectations showed a signiÞcant excess of heterozygotes in 5 of 17 of the populations. It appears that the target site insensitivity to pyrethroids had a recessive Þtness cost causing reduced survival of kdr homozygotes. Scott et al. (1997) reported both pupation success and fecundity of Hematobia irritans irritans were negatively affected by pyrethroid resistance because of target site abnormalities, which resulted in a decrease of resistance in early season populations before insecticide control was applied. Apart from the sodium channel mutation (kdr), PBO synergism test showed that the mechanisms of resistance to deltamethrin in Chinese house ßies also include enhanced detoxiÞcation by mixed function oxidases. Genetic linkage of insensitive sodium channel and MFO-mediated detoxiÞcation has been reported in H. virescens (Park and Brown 2001) .
We observed no signiÞcant differences in the distribution of resistant genotypes between male and female ßies in all but one house ßy population from Beijing. A positive correlation was found between overall kdr frequency and deltamethrin resistance as expressed by the LD 50 value (Fig. 1) . Although metabolic mechanisms, such as MFOs, are known to contribute to pyrethroid resistance in pest insects, sodium channel mutations (kdr) have been suggested to be the major mechanisms (Guerrero et al. 1997) . However, in CotedÕIvoire, a high frequency of kdr in Anopheles gambiae does not prevent pyrethroidtreated bednets, causing high mortality of these malaria vectors (Asidi et al. 2004) .
PASA has been successfully used for detecting the kdr-type allele of the para-homolog in many insects. A new substitution of the L1014S mutation in the voltage-gated sodium channel gene was identiÞed in Kenyan An. gambiae associated with resistance to DDT and pyrethroids (Ranson et al. 2000) . Detection of L1014 F and M918T in Þeld H. irritans irritans populations was used to investigate the dynamics of pyrethroid resistance (Guerrero et al. 2002a ); Phe3 Ile amino acid mutation in the sodium channel gene IIIS6 and Asp3 Asn mutation in the CzEst9 esterase were examined to identify possible resistance associated roles of these two amino acid substitutions in Boophilus microplus (Guerrero et al. 2002b ). The relationship has been determined between the parahomologous sodium channel point mutation (g3c at nucleotide 2979) and knockdown resistance in the German cockroach (Valles et al. 2003) . The frequency of pyrethroid resistance of the kdr type has been used on mosquitoes from three villages in the Bamako and Sikasso areas of Mali as an indication of barriers to gene ßow between the Bamako and Savanna chromosomal forms of An. gambiae s.s. (Fanello et al. 2003) . A quick PCR-based diagnostic test for the presence of the kdr mutation in M. domestica would allow its monitoring in natural populations and thus permit better design of insecticide use to improve control programs.
However, traditional bioassays are still necessary to evaluate and predict product failure.
Comparison of the PCR-ASO and cPASA showed that the two methods were in agreement in 32 of 33 individuals tested (Fig. 2B, A11 ). The one case of disagreement was cleared up after retesting with PASA, where a ßy which had originally been scored as the SS genotype was identiÞed as SR genotype, in agreement with the result of PCR-ASO. It is considered that the cPASA protocol is accurate enough for practical monitoring of the kdr-allele frequencies in house ßy populations. ASO-PCR using speciÞc oligonucleotide hybridization was Þrst used for detection mutations in the betatubulin gene associated with benomyl resistant in Þeld strains of Venturia inaequalis and other pathogenic fungi (Koenraadt et al. 1992) . The approach has subsequently been generally applied to the detection of known point mutations underlying several genetic diseases (DeMarchi et al. 1994, Wong and Senadheera 1997) . This method has also been called PCR-SSOP (PCR sequence-speciÞc oligonucleotide probing) and has been used in monitoring alleles of the kdr gene in An. gambiae s.s. (Kolaczinski et al. 2000) . Because this technique is relatively simple, sensitive, accurate, and cost-effective (Labuda et al. 1999) , it was used to verify the accuracy of the PASA in this study. PCR-ASO is very convenient for processing large numbers of individual samples, especially when several DNA need to be assayed in each sample. This approach has potential for automation with microplates and robotic workstations for high throughput. It can avoid the difÞculty in the design of primers and quality control of the PASA technique. However, compared with PASA, PCR-ASO was more time consuming and not so costeffective, especially in monitoring the single mutation L014 F responsible for knockdown resistance. It can be concluded that cPASA can serve as a practical molecular diagnostic tool to determine the frequency of the kdr genotype in wild house ßy populations.
